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Introduction
Colorectal cancer is one of the most common digestive tract cancers which account for much of the global morbidity and mortality. 1 Clinical research showed that the death of colorectal cancer usually results from uncontrolled metastatic disease. 2, 3 The liver is the single most frequent organ of distant metastasis in patients with colorectal cancer. 4 According to the Chinese Guidelines for Diagnosis and Comprehensive Treatment of Liver Metastases from Colorectal Cancer, 15-25% of patients with colorectal cancer have liver metastasis at the time of diagnosis, while another 15-25% of patients will have liver metastasis after radical resection of primary colorectal cancer. 5 For synchronous colorectal liver metastasis (SCLM), in many situations, a hepatectomy is recommended because it is currently the most effective therapy alone. Whereas for only 20% to 30% of SCLM patients is the initial hepatectomy a curative treatment, 50% to 75% of SCLM patients, clinical research reported, experience tumor recurrence after the initial hepatectomy. [6] [7] [8] The identification of independent preoperative factors of prognosis for SCLM patients underwent hepatectomy is of great significance, because it may help to stratify subgroups of SCLM patients and establish individual therapeutic regimens.
Recently, it is increasingly recognized that long-noncoding RNAs (lncRNAs) constitute an important component in the regulation of cellular development, differentiation, and many other biological processes. [9] [10] [11] LncRNAs are dysregulated in various cancers, indicating both tumor-suppressive and oncogenic roles, thus suggesting that aberrant expression of lncRNAs may contribute to cancer development. 12, 13 Drawing on a review of published studies, [14] [15] [16] [17] [18] [19] [20] it enlightens us that lncRNA CRNDE and lncRNA SNHG7, two oncogenes, may be promising biomarkers of SCLM prognosis. For biological function, several studies have shown that lncRNA CRNDE levels were upregulated in numbers of solid tumors, including hepatic carcinoma and colorectal cancer. 14, 15 The study of Jiang et al demonstrated that lncRNA CRNDE accelerates cell proliferation and migration in colorectal carcinoma via activating Ras/MAPK signaling pathways. 16 Furthermore, lncRNA SNHG7 was found to be involved in cell proliferation, invasion and migration of various tumors, including colorectal cancer and lung cancer. 17, 18 As showed in Shan et al's study, lncRNA SNHG7 sponges miR-216b to promote proliferation and liver metastasis of colorectal cancer through upregulated GALNT1. 19 These studies indicated that lncRNA CRNDE and lncRNA SNHG7 are involved in the development and metastasis of liver cancer and colorectal cancer. The biological function of lncRNA CRNDE and lncRNA SNHG7 provides convincing theoretical basis that these lncRNAs are promising biomarkers for prognosis prediction in SCLM. However, the prognostic role of lncRNA CRNDE and lncRNA SNHG7 in SCLM has not been reported. Recently, the prognostic role of lncRNA CRNDE and lncRNA SNHG7 is reported in gastrointestinal cancer. For example, Shan et al provided evidence supporting that high expression of lncRNA SNHG7 was associated with poor overall survival of colorectal cancer. 19 In addition, Xia et al have demonstrated that overexpression of lncRNA CRNDE correlates with poor prognosis in intrahepatic cholangiocarcinoma. 20 According to the biological function as well as the prognostic role in other tumors, we believe that lncRNA CRNDE and lncRNA SNHG7 are promising biomarkers for prognosis of SCLM.
In this study, we investigated the prognostic ability of serum lncRNA CRNDE and lncRNA SNHG7 in SCLM patients who had undergone colorectal and liver surgery. These observations suggest that lncRNA CRNDE and lncRNA SNHG7 might represent promising biomarkers of poor prognosis in SCLM and could be potential therapeutic targets for gene therapy.
Patients and Methods

Patients and Clinical Samples
Clinical and pathological data for synchronous colorectal liver metastasis (SCLM) patients who underwent hepatectomy at Yan'an Hospital of Kunming City & Yan'an Hospital Affiliated to Kunming Medical University between August 2013 and January 2015 were retrospectively reviewed. Colorectal cancer and SCLM were diagnosed via ultrasound, pathological examinations, X-rays, adequate radiological imaging, or cytological examination. Further imaging examination including magnetic resonance imaging or computed tomography scans were executed if clinically indicated. Patient demographics as well as therapy protocol, imaging data, laboratory data, and follow-up records were collected. Routine tests, such as serum tumor markers, serum biochemical indices and complete blood counts were conducted within the week before hepatectomy. The exclusion criteria were as follows: (1) unresectable primary tumor, (2) presence of extrahepatic metastasis, (3) overt double primary malignancy, (4) patients with familial adenomatous polyposis and hereditary nonpolyposis colorectal cancer patients, (5) loss of follow-up after surgery, (6) presence of prior history of liver-directed treatment, (7) patients with other liver disease, such as liver cirrhosis, (8) liver metastasis arose after surgical treatment. The study was received the ethical approval from the Clinical Research Ethics Committee of Yan'an Hospital of Kunming City & Yan'an Hospital Affiliated to Kunming Medical University. Written informed consents were provided from all SCLM patients. Before treatment, venous blood samples were collected from each SCLM patients and then initially isolated into serum by centrifugation (3000 rpm, 15 min) at 4°C. The supernatant was collected and followed by further centrifugation (12,000 rpm, 5 min) to obtain the serum. All serum samples were stored at −80°C for further processing. records or by phone contact with the patients or their relatives. Recurrence time and overall survival (OS) time were defined according to the time after hepatectomy. All SCLM patients were followed up regularly every 1 month after therapy through telephone and outpatient follow-up.
Cancer Treatment
The treatment strategies for individual SCLM patients were discussed within a multi-disciplinary team (MDT) of experts including hepatobiliary specialist, colorectal surgeon, medical oncologists, radiation oncologist, interventional ultrasound physician, and diagnostic radiologist. Then, the treatment strategy would be explained to SCLM patients and their relatives and Written informed consents would be obtained. SCLM patients received fluorouracilbased preoperative neoadjuvant chemotherapy regimens as a first-line or second-line treatment. For patients with wild-type of Kras status, the patients further treated with cetuximab; For patients with Kras mutation, patients further received bevacizumab therapy. After that, all SCLM patients treated with hepatectomy.
RNA Extraction and qRT-PCR
Total RNA extractor kit (Sangon Biotech (Shanghai) Co., Ltd., Shanghai, China) was used to extract total RNA from patient serum. Then, total RNA from serum was eluted by RNase-free water (50 μL, Invitrogen). A260/A280 ratio was used to assess the quality of total RNA. According to manufacturer's instructions of UEIris II RT-PCR System for First-Strand cDNA Synthesis System (US Everbright Inc., Suzhou, Jiangsu, China), total RNAs were reversely transcribed into complementary DNA (cDNA). qRT-PCR was completed using and a ProFlex qRT-PCR system (Thermo Fisher Scientifc, Inc., Waltham, MA, USA) and Power SYBR Green PCR Master Mix Kit (Thermo Fisher Scientifc, Inc., Waltham, MA, USA). 5 μL cDNA were prepared as templates for PCR reaction. The thermal cycling conditions were as follows: 95°C at 600 s for a hot start, then 45 loops at 93°C for 15 s, 54°C for 0.5 min, and 72°C for 0.5 min. qRT-PCR was done in triplicate. GAPDH was used as control. The −ΔCt method was used to calculate the relative level of lncRNA. The sequences of lncRNA-SNHG7 primers were: 5′-GTT GGG GTG TTG GCA TTC TTG TT-3′ (sense) and 5′-TGG TCA GCC TGG TCA CTC TGG-3′ (antisense). The sequences of lncRNA-CRNDE primers were 5ʹ-TGA AGG AAG GAA GTG GTG CA-3ʹ (sense) and 5ʹ-TCC AGT GGC ATC CTA CAA GA-3ʹ (antisense); The sequences of GAPDH primers were 5ʹ-GTC AGC CGC ATC TTC TTT TG-3ʹ (sense) and 5ʹ-GCG CCC AAT ACG ACC AAA TC-3ʹ (antisense). 15, 18 Statistical Analysis
All the statistical analyses were performed using SPSS 22.0 software (IBM Corp., Armonk, NY, USA). Fisher exact test and Mann-Whitney U-tests were used to examine whether the protein correlated with the clinical and pathological parameters. The Kaplan-Meier method was used to analyze the survival rates and recurrence rates, and the log-rank test was performed to compare the differences. A multivariate analysis of all the variables that were found to be significantly correlated in the univariate analysis was performed using a Cox proportional-hazards regression model. A two-tailed P <0.05 was considered to indicate a statistically significant relationship. 
Result
Demographic Features and Clinicopathological Data
The Expression Profile of lncRNA CRNDE and lncRNA SNHG7 in SCLM Patients
Expression profiles of lncRNA CRNDE and lncRNA SNHG7 in serum were investigated before treatment. As shown in Figure 1A and B, the levels of lncRNA CRNDE and lncRNA SNHG7 in patients with recurrence were significantly higher than that of patients with recurrence-free (P< 0.01). We also found that the levels of lncRNA CRNDE and lncRNA SNHG7 in patients underwent death were significantly higher than that of surviving patients (P< 0.01), shown in Figure 1C and D. The associations of the clinicopathological factors with lncRNA CRNDE expression or lncRNA SNHG7 expression are shown in Table 2 . According to the median of lncRNA CRNDE, 96 SCLM patients were divided into two groups: low lncRNA CRNDE group (<1.395, n=48) and high lncRNA CRNDE group (>1.395, n=48). lncRNA CRNDE high expression showed a significant correlation with differentiation of primary tumor (P=0.003), invasion depth of primary focus (P=0.002), lymph node metastases (P=0.004), number of liver metastases (P<0.001) and liver metastasis grade (P<0.001). However, no association was observed between lncRNA CRNDE and age, gender, location of primary tumor, liver tumor size and type of hepatectomy (P>0.05). According to the median of lncRNA SNHG7, 96 SCLM patients were also divided into two groups: low lncRNA SNHG7 group (<4.605, n=48) and high lncRNA SNHG7 group (>4.605, n=48). lncRNA SNHG7 was significantly associated with differentiation of primary tumor (P=0.014), invasion depth of primary focus (P<0.001), lymph node metastases (P=0.013), number of liver metastases (P<0.001) and liver metastasis grade (P<0.014). Whereas no association was observed between lncRNA SNHG7 and age, gender, location of primary tumor, liver tumor size and type of hepatectomy (P>0.05). Subsequently, we evaluated the relationship between lncRNA levels and CEA or CA19-9 levels through pearson correlation analysis. As shown in Figure 2A , there was an obvious positive correlation between lncRNA CRNDE levels and CEA levels (r = 0.8174, P < 0.0001); Additionally, an obvious positive correlation was also observed between lncRNA CRNDE levels and CA19-9 levels (r =0.8564, P < 0.0001, Figure 2B ). Furthermore, pearson correlation analysis revealed an obvious positive correlation between lncRNA SNHG7 levels and CEA levels (r =0.7764, P < 0.0001), as well as between lncRNA SNHG7 levels and CA19-9 levels (r =0.7953, P < 0.0001), shown in Figure 2C and D. Taken together, these data suggested that lncRNA CRNDE and lncRNA SNHG7 may be promising factors for poor prognosis in SCLM patients.
The Prognostic Values of lncRNA CRNDE and lncRNA SNHG7 in OS of SCLM Patients
To compare OS rate and median OS time of SCLM patients in different lncRNA expression group, Kaplan-Meier survival analysis and log-rank test were performed.
The results of survival analysis in Figure 3A showed that the median OS time was 27 months in the high lncRNA CRNDE group, which was significantly lower than that in the low lncRNA CRNDE group (>36 months, P<0.01).
The OS rate was 22.92% (11/48) in the high lncRNA CRNDE group, which was also significantly lower than patients with low lncRNA CRNDE expression (52.08%, 25/48; P<0.01). Furthermore, the results in Figure 3B revealed that the SCLM patients with high lncRNA SNHG7 expression also had 27 months of median OS time, which was significantly lower than that in the low lncRNA SNHG7 group (>36 months, P<0.01). The OS rate of SCLM patients with low lncRNA SNHG7 expression was 56.25% (27/48 ) in relative to patients with high lncRNA SNHG7 expression (18.75%, 9/48; P<0.01).
These results revealed that high levels of lncRNA CRNDE or lncRNA SNHG7 indicated high death risk in SCLM patients. As showed as in Table 3 , univariate Cox regression analysis identified 7 prognosis factors for OS: invasion depth of primary focus (P<0.001), differentiation of primary tumor (P=0.036), lymph node metastases (P<0.001), number of liver metastases (P=0.018), liver metastasis grade (P=0.004), lncRNA CRNDE expression (P<0.001) and lncRNA SNHG7 expression (P<0.001). Next, multivariate Cox regression analysis was performed to determine if these variables were independently related to OS. Multivariate Cox regression analysis revealed that lncRNA CRNDE and lncRNA SNHG7 could be regarded as independent prognostic factors for OS in SCLM patients. Taken together, these data demonstrated that high expression of lncRNA CRNDE and lncRNA SNHG7 predicted a poor prognosis and could be regarded as independent prognostic factors for OS of SCLM.
The Predictive Values of lncRNA CRNDE and lncRNA SNHG7 in Recurrence of SCLM Patients
Kaplan-Meier survival analysis and log-rank test were also performed to investigate these factors in predicting tumor recurrence. The results in Figure 4A showed that SCLM patients with high lncRNA CRNDE level showed significantly shorter recurrence time compared with patients in the low lncRNA CRNDE group (24.5 months vs 32 months, P<0.01); meanwhile, we also found that the recurrence time of patients with high lncRNA SNHG7 was shorter than patients with low lncRNA SNHG7 expression (26 months Figure 4B ). From univariate Cox regression analysis, we found that invasion depth of primary focus (P=0.002), differentiation of primary tumor (P=0.122), lymph node metastases (P=0.001), number of liver metastases (P=0.085), liver metastasis grade (P=0.025), lncRNA CRNDE expression (P<0.001) and lncRNA SNHG7 expression (P<0.001) were significantly associated with increased risk of recurrence ( Table 4 ). The Cox multivariate analysis was also used and showed that lncRNA CRNDE and lncRNA SNHG7 were independent risk factors for recurrence. We conclude from these data that lncRNA CRNDE and lncRNA SNHG7 could be regarded as independent markers for predicting recurrence. Discussion SCLM still has a clinical challenge, mainly because of the limited availability of tools that use promising prognostic markers to guide treatment. 21, 22 Thus, there is an urgent requirement to find reliable predictors for prediction of survival and tumor recurrence in SCLM patients underwent hepatectomy. At present, mounting evidence indicates the role of serum-circulating lncRNAs as novel serum biomarkers for diagnosis and prognosis prediction of cancer. 23, 24 For example, Gong et al 25 evaluated the diagnostic efficacy and prognostic value of serum lncRNA-HIF1A-AS1 in patients with colorectal carcinoma and found that elevated serum lncRNA-HIF1A-AS1 could be clinically functioned as a potential biomarker for colorectal carcinoma diagnoses and prognosis. Importantly, Ren et al 26 reported that lncRNAs in serum or plasma are are quite stable and are readily detected by RT-qPCR. Therefore, examining serumcirculating lncRNAs is feasible and helpful for SCLM prognosis evaluation. The most important contribution of our study is to evaluate the prognostic significance of lncRNA CRNDE and lncRNA SNHG7 for SCLM patients who underwent hepatectomy. In this retrospective cohort study, we found that levels of both lncRNA CRNDE and lncRNA SNHG7 were significantly increased in recurrence or death patients, and was significantly associated with various clinicopathological parameters of SCLM. From a clinical perspective, lncRNA CRNDE and lncRNA SNHG7 were independent prognostic factors for prediction of survival and tumor recurrence in SCLM underwent hepatectomy. According to our knowledge, this is the first study to elucidate the relationship of lncRNA CRNDE and lncRNA SNHG7 with the prognosis of SCLM. LncRNA CRNDE expression is significantly increased in various malignant tumors, including colorectal cancer, hepatocellular carcinoma and glioma. 14, 15, 27 Some previous studies have suggested that lncRNA CRNDE is associated with tumorigenesis and metastasis. 28, 29 In the present study, serum levels of lncRNA CRNDE and lncRNA SNHG7 in patients underwent recurrence was significantly higher than that of patients with recurrencefree. Furthermore, serum levels of lncRNA CRNDE and lncRNA SNHG7 in patients who underwent death was also significantly higher than that of surviving patients. Similar patterns were also observed in previous studies that the expression levels of the lncRNA CRNDE and lncRNA SNHG7 were upregulated in clinical tumor tissue samples. 29, 30 Several studies indicated that lncRNA CRNDE and lncRNA SNHG7 as oncogene contribute to develop the proliferation, invasion and migration and other biological behavior of breast cancer, lung cancer and other tumors. 28, 29, 31, 32 Interestingly, we found that lncRNA CRNDE high expression showed a significant correlation with differentiation of primary tumor, invasion depth of primary focus, lymph node metastases, number of liver metastases and liver metastasis grade. A similar pattern was also observed for lncRNA SNHG7. Furthermore, obvious positive correlation was found between lncRNA CRNDE levels and CEA levels and between lncRNA CRNDE levels and CA19-9 levels, as well as between lncRNA SNHG7 levels and CEA levels and between lncRNA SNHG7 levels and CA19-9 levels. These clinicopathological parameters were reported to be closely related to poor prognosis of SCLM. The relationship reflects the functions of lncRNA CRNDE and lncRNA SNHG7 that they accelerate cell proliferation, cycle progression, migration and invasion by regulating CRNDE, FAIM2, and other proteins. 18, 29 Therefore, it is conceivable to speculate that lncRNA CRNDE and lncRNA SNHG7 might be independent factors for prediction of survival and tumor recurrence in SCLM underwent therapy. Clinical studies showed that the 5-and 10-y survival rates of SCLM patients after hepatectomy are approximately 40% and 25%, respectively. 33, 34 Furthermore, the recurrence rate of SCLM patient underwent radical resection can be as high as 57%-78%, while approximately 50% of the recurrence sites are liver, which is the main cause of treatment failure and patient death. 35, 36 The unsatisfactory outcome of prognosis reflects the absence of precise criteria that previously developed prognostic scoring systems that use clinicopathologic variables to select patients for hepatectomy. 37 This underscores the need for a new prognostic model that uses biologic and clinicopathologic factors to guide treatment of the SCLM patients. Recent clinical trials have explored whether there is any prognostic role of lncRNA in colorectal cancer and hepatocellular carcinoma, lacking of hepatic metastasis from a primary colorectal cancer. In the current study, our results show that lncRNA CRNDE and lncRNA SNHG7 from serum possess independent prognostic significance for prediction of survival and tumor recurrence in SCLM underwent hepatectomy. This notion is supported by the fact that, in our present data, SCLM patients with high expression of lncRNA CRNDE and lncRNA SNHG7 possess significantly lower OS rate and higher recurrence rate, which are similar to previous studies. For example, as Jing et al described, cancer patients with higher expression of lncRNA CRNDE showed worse overall survival compared with patients with lower expression of lncRNA CRND. 38 What's more, Ren et al evaluated patient survival rates relative to SNHG7 expression levels and found that higher expression of SNHG7 in glioblastoma patients correlated with poorer prognosis. 31 It is possible that lncRNA CRNDE and lncRNA SNHG7 become clinically useful markers to predict OS and recurrence of SCLM patients. At present, the function and molecular mechanism of lncRNA CRNDE and lncRNA SNHG7 have been investigated. 16, 39 Increasing evidence indicates that lncRNA CRNDE promotes colorectal cancer cell proliferation, metastasis and chemoresistance via epigenetically silencing DUSP5/CDKN1A expression, 40 miR-181a-5pmediated regulation of Wnt/β-catenin signaling, 14 and activating Ras/MAPK signaling pathways. 16 Furthermore, mounting evidence indicates that lncRNA SNHG7 facilitates the proliferation and liver metastasis of colorectal cancer through miR-216b-mediated upregulation of GALNT1 and activating PI3K/Akt/mTOR pathway. 17, 19 These previous studies provide guidance for lncRNA CRNDE and lncRNA SNHG7 in the prognosis evaluation of SCLM.
There were still some limitations in this study that need to be solved in the future. The retrospective nature potentially introduces the risk of selection bias. Therefore, the well-defined inclusion criteria and relatively large number of subjects may have mitigated this problem. Furthermore, we need to extend the follow-up time to further clarify the prognosis value of lncRNA CRNDE and lncRNA SNHG7 on SCLM patients. Finally, the prognosis value of lncRNA CRNDE and lncRNA SNHG7 was not validated in an independent SCLM patient group. Prospective validation in an independent population would need for their widespread clinical use.
Conclusion
In conclusion, we reported for the first time that high lncRNA CRNDE and lncRNA SNHG7 expression were significantly correlated with worse survival and higher recurrence rate in SCLM patients, predicting the survival and recurrence of patients with SCLM. Examination of lncRNA CRNDE and lncRNA SNHG7 may help to 
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